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This  progress  report  cover*  a  period  of  10  y«ny»  of  work  supported 
by  tho  Oi’flcs  of  the  Surgeon  Ceonrnl,  Ti ;«  United  States  Army .  Because  of  the  broad 
rut ope  of  tko  research,  the  report  will  l  insniar  ize  progress  made  in  a  meritlve  fashion 
ratlvor  than  to  detail  specific  achievements.  The  project  has  concerned  itself  with 
“Metabolic  Disorders  and  Therapeutic  Approaches  in  Renal  Failure".  The  report  will 
b«  divided  into  three  phase* . 

1)  Metabolic  Disorders,  2)  Treatment  of  Renal  Failure,  and  3) 
Honwiaa.ieplsustation  of  Tisane  with  particular  reference  to  the  kidney. 

1)  Metabolic  Disorders  r  Both  In  the  uremic  patients  and  in  uretalc 
aaluala  we  have  endeavored  to  elaborate  the  metabolic  defect  which  results  in  Kidney 
failure.  Xarly  in  our  course  we  noted  that  patients  with  renal  failure  improved 
significantly  If  they  were  dinlyxed  against  a  bath  fluid  containing  urea,  augmenting 
that  urea  sAone  was  cot  the  only  cause  for  the  morbid  state.  Furthermore,  wo  demon¬ 
strated  that  liver  slices  incubated  in  100  millimoles  per  liter  of  urea  showed  no 
inhibition  of  pyruvate  uptake  or  glucose  production.  Although  several  yearn  were 
spent  in  attempts  to  utilize  tissue  slices  for  this,  the  tissue  slice  itself  was 
unsatisfactory  as  a  purely  in  vitro  system,  W*  were,  however,  able  to  show  that  in¬ 
creasing  concentrations  of  urea  beginning  at  .05  molar  did  Inhibit  monamine  oxidase 
activity  of  rabbit  kidney  slices  acting  on  a  pyramine  substrate.  This  work  was  of 
interest  since  the  inhibition  was  a  diphosic  one,  decreasing  with  increasing  con¬ 
centrations  and  suggesting  oselble  polymerisation  of  urea  at  higher  concentration*. 
The  significance  of  this  interpretation  relate*  to  one  of  the  earliest  observation* 
made  In  our  work  when  we  were  able  to  show  that  more  urea  could  bo  removed  from 
chronic  urealo  patients  than  could  be  accounted  for  by  the  decrease  in  blood  urea 
nitrogen  concentration,  suggesting  that  urea  was  perhaps  polymerized,  or  at  least 
was  mot  equally  distributed  throughout  the  total  body  water.  This  very  early  obser¬ 
vation  has  been  confirmed  In  a  number  of  ways  in  recent  years.  Wo  were  able  to  show 
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in  wt*  Mdi  acutely  uremic,  there  was  no  daoonatrable  da  foot  la  the  formation  of 
liver  glycogen  nor  the  absorption  of  glucose  in  tbo  iatantlna,  in  rat*  with  chronic 
uronla  wo  could  demonstrate  a  marked  dacroaae  In  glooose  uptake  Iron  iatostlaa  and  * 
marked  dooromao  in  llwor  glycogen  as  wall  no  impairment  of  glucose  utilisation 
following  a  gluoooo  load*  This  la  of  Interest  la  view  of  recent  evidence  in  patient* 
that  a  similar  offset  map  occur  in  uremia* 

Patient*  with  acuta  uremia  showed  decreased  survival  of  red  blood 
cello  which  vote  Infused  and  whose  half- USs  was  followed  by  the  roe  of  Isotope 
tagging o  This  decreased  survival  was  Improved  following  dialysis  with  the  artificial 
kidney  and  disappeared  within  five  days  after  the  implantation  of  a  nomal  kidney. 
Since  the  defect  la  some  way  resembles  the  so-called  'storage  defect’  and  since  this 
could  be  improved  in  vitro  by  Xnoalae,  we  attempted  to  infuse  Inoelne  Into  patients 
with  chronic  renal  failure  and  study  the  rod  blood  eoll  defect  particularly  as 
manifested  by  abnormalities  in  the  Intracellular  concentration  of  red  coll  • odium 
potassium,,  The  lmfrolon  of  Xaoolae  into  uremic  patients  did  Indeed  reverse  this 
defect  but  the  hyperuricemia  which  reeultod  from  metabolism  of  the  purine  moiety  of 
Inoelne  to  uric  sold,  required  hemodialysis,,  Other  Intracellular  defects  la  chronic 
uremia  have  alao  been  studied,,  We  showed  some  time  ago  that  In  chronic  renal  failure 
rapid  dialysle  with  the  artificial  ltldoey  might  return  serum  bicarbonate  rapidly  to 
normal  but  that  since  bicarbonate  did  not  cross  the  cell  membrane  rapidly,  hyperven¬ 
tilation  continued  and  a  respiratory  alkalosis  was  substituted  for  the  metabolic 
ae ideals* 

Currant  work  is  concerned  with  the  correct  msosureawnt  of  this 
phenomenon  by  the  use  of  the  measurement  of  the  volroe  distribution  of  EESO-. 

With  the  Neurologic  Service  we  studied  Intensively  the  neurologic 
abnormalities  la  both  acute  and  chronic  uremia*  It  was  observed  that  moat  of  the 
neurologic  abnormalities  in  chronic  uremia  were  apparently  due  to  a  metabolic  defect 
similar  to  that  eeen  in  liver  disease,.  In  this  connection,  a  so-called  liver  flap 
is  not  uncommon  In  uranic  patients*  Klectroeecepfcalographic  fifonoraaiitico  were 
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f-ocaion  and  these  could  be  rougtilj  quantitated  by  the  response  of.  the  electrooncephalo- 
BYr.a  to  photic  stimuli,  Most  important  was  the  fact  that  focal  neurologic  abnormalities 
«er«  transient  aid  appeared  to  bt'  »»vt  the  result  of  feral  orgsnir.  central  nervous  sys- 
tca  lesions,,  Tv  ’the.raoro,  hypocslctmla  was  rarely  the  cause  of  any  of  the  neurologic 
manifestations  o  >s«rvedo 

Intensive  ork  on  cardiac  arrhythmias  occurring  in  renal  failure  have  been 
done,  Cardl  m:  ai  rhythmics  can  be  1  reduced  by  rapid  changes  of  extracellular  pH,  by 
raising  the  »erui  sodium,  or  by  dropping  the  serum  potassium.  Isotope  dilution 
studies  have  shown  that  there  is  ic  correlati  on  between  these  arrhythmias  or  the 
changes  In  the  electrocardiogram  sad  the  tot/ 1  body  potassium  or  the  extracellular 
level o  It  appsare  that  the  elect*  xiardlograir  and  the  sensitivity  to  cardiac  arrhy¬ 
thmias  any  be  n  function  of  the  re  Native  coneen : rat ion*  of  sodium  and  potassium 
across  the  cell  membra De, 

During  tlk  i  course  of  the  a  bo  «  studies  wi  h  isotope  dilutione  we  wre  able  to 
elicit  the  fact  that  t;pically  in  .cute  renal  ft llure,  extracellular  fluid  volume  ie 
expanded,  probally  by  <he  product i<  a  of  me ta boll  s  watsr  from  the  catabolism  of  fat. 

In  addition,  in  both  acute  and  chronic  renal  failure  serum  citrate  levels  stay  bo 
markedly  elevati  d,  poi  albly  contributing  to  the  to-called  unidentified  acid  fraction 
about  which  the/ a  has  been  much  spa rulation, 

A  fortuitous  (  onsequsnee  of  tils  work  on  bnly  fluid  voluro  Mra  the  observa¬ 
tions  that  in  mat,  * snap rival  hyper  ansi on  does  <v>t  exist.  Our  ability  to  maintain 
people  with  no  rswl  function  whatever  in  relitivoly  good  states  of  health  enabled 
us  to  observe  that  in  four  patients  la  whom  a  single  kidney  had  been  reooved  acci¬ 
dentally,  kyjertensioa  did  not  occur  unless  to*  volume  of  extracellular  fluid  was 
Inc  fussed  Skit  and  water  deprivation  in  theta  individuals  returned  blood  pressure 
levels  to  nor  mil.  The  importance  of  this  oba-  rvation  in  man  when  considered  in  the 
light  of  the  otwrouf  claims  from  animal  experiments  that  the  kidney  has  an  important 
depressor  function,  is  obvious. 


2)  Trcc-tmont  of  liana  1  Failure: 

A  major  function  of  our  pork  in  the  treatment  of  acute  renal  failure  has  boon 
•  concerned  with  the  artificial  kidney.  TO»  rotating  artificial  kidney,  first  deo- 
orlbod  by  Xolff,  was  Modified  to  becoma  a  practical  clinical  tool  in  this  laboratory.. 
During  the  source  of  its  development  and  um  we  bad  occasion  to  train  a  number  ef 
Aney  personnel  in  its  use.  Work  with  this  apparatus  in  the  Korean  War  contributed 
Importantly  to  knowledge  both  of  kenodialyaia  and  the  treatment  of  acute  renal 
failure,  the  importance  of  the  use  of  the  artificial  kidney  in  the  prophylactic 
treatment  of  acute  renal  failure  ia  too  well  knocm  to  require  emphasis.  However,  it 
is  of  tceo  Interest  that  one  reek  ago,  dialysis  number  one  thousand  was  done  in  this 
hospital o  It  would  not  be  Incorrect  to  say  that  the  vast  majority  of  these  dialyses 
were  mad©  possible  by  support  from  tho  office  of  the  Surgeon  General  and  knowledge 
derived  frma  this  has  contributed  importantly  to  the  treatment  of  both  acuto  and 
chronic  renal  failure  in  this  country  and  elsewhere. 

In  1693  the  investigator  and  Dr.  Kamel  Leg  rain  published  our  experience  with  a 
new  technique  with  peritoneal  dialysis  using  a  plastic  tube  inserted  into  th®  peri¬ 
toneum  through  s  simple  pamesntesis  technique.  This  simplified  technique  in  a 
soaewbat  modified  font  is  now  in  wide-spread  use.  More  extensive  application  neces¬ 
sitated  the  production  of  commercial  rinsing  fluid.  In  1957  we  reported  tho  removal 
ef  potassium  by  passing  blood  from  the  urettia  patient  over  an  ion  exchange  column. 
Koeause  of  platelet  and  whin  cell  destruction,  however,  this  technique  vas  not  uni¬ 
versally  applicable.  However  our  work  at  a  later  date  with  the  fine  mesh  Ion  esrhangw 
resin,  (Kay-exaiatm)  particularly  facilitated  by  the  ingestion  of  sorbitol,  proved  to 
be  an  oxtreswly  practical  measure  for  the  removal  ef  potassium  from  gastrointestinal 
see rations  and  la  new  widely  utilised.  Work  with  Dr.  William  Looney  in  this  period 
demonstrated  that  both  the  artificial  kidney  and  ion  emehange  resins  were  effective 
means  of  ridding  the  body  of  radioactive  calcium  and  strontium  go. 


Experience  with  the  use  of  inlying  vascular  cannula*  for  chronic  hemodialysis 
h<:u  been  obtained „  As  demonstrated  by  Scribner  and  hia  colleague*,  this  is  now  an 
effective  nean*  for  maintaining  useful  life  in  patients  with  severe  chronic  renal 
failure,  Of  particular  interest  in  our  experience  is  s  patient,  both  of  whose  kidneys 
wore  reaovod  7  months  ago,  and  who  has  been  Maintained  since  that  ties  by  chronic 
hcsodialyslso  Observations  on  the  response  of  hie  eelignest  hypertension  to  bila¬ 
teral  nephrectomy  and  dehydration  have  confined  our  earlier  observation*  about  the 
response  of  hypertension  to  salt  and  water  restriction  in  the  absence  of  existing 
renal  tissue,,  We  have  nainteined  a  nunber  of  patients  on  chronic  peritoneal,  dialysis, 
four  of  these  have  been  maintained  at  hone  through  the  ese  of  dialysis  through  an 
inlying,  surgically  placed,  plastic  conduit.  Recently  e  device  has  been  given  pre¬ 
liminary  trial  which  will  automatically  cycle  dialysiag  fluid  and  should  enable  the 
patients  to  be  dialysed  at  home  while  they  sleep.  Problems  of  infection  and  fibro¬ 
sis,  however,  remain  to  be  overcome. 

3)  Howotro  implantation  of  Tissue: 

Tho  emphasis  in  our  study  of  tissue  transplantation  hat  boon  on  the  transplan¬ 
tation  of  tho  kidney  as  on  approach  to  the  therapy  of  chroalo  renal  failure.  Success¬ 
ful  transplantation  of  tho  kidney  depends  upon  the  knowledge  of  lamninlty  in  tissue 
transplantation,  generally,  and  consequently,  both  laboratory  work  and  clinical  in¬ 
vestigation  have  been  concerned  with  problems  both  of  basic  iemunologlc  concept  as  well 
as  the  transplantation  ef  skin.  Our  achievements  in  the  field  of  clinical  trans¬ 
plantation  have  bewn  as  follows:  1954,  the  first  successful  transplantation  of  a 
kidney  between  identical  twins.  In  1959,  the  first  successful  transplantation  of 
kidney  between  nonidentical  twin*.  In  1993,  the  first  successful  transplantation  of 
a  totally  unrelated  cadaver  kidney  that  has  survived  at  the  present  time  for  15 
isontha.  More  than  80  turnon  renal  hooografto  have  been  performed  to  date.  Our  first 
successful  transplantation  between  nonidentleal  twins  was  accomplished  with  the  aid  of 
subtotal  body  irradiation.  In  this  case  it  won  demonstrated  for  the  first  time  that 
partial  tolernnco  for  a  kidney  might  be  obtained  and  that  when  the  rejection  proceco 
appeared  in  the  kidney  it  might  bo  aborted  or  reversed  by  the  u»o  of  crirtlco-»teroid8 
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*:s  l  furthor  r- Irradiation,  This  concept  of  pert  la  1  tolerance  and  the  ability  to 
abort"  a  rejection  response  has  been  of  paramount  Importance,  both  in  our  augeequent 
ww*k  nod  In  the  work  of  others.  In  the  patient  in  whoa  a  cadaver  kidney  vaa  trans¬ 
planted,  7  separate  and  distinct  episodes  of  abortive  rejection  occurred  which  were 
reversed  with  the  use  of  corticosteroids  and  inauno-suppre salve  therapy*  Our  recent 
work  booed  largely  on  the  studies  of  Doctors  Murray,  Caine  and  others  in  our  labora¬ 
tory  has  utilised  the  use  of  lwauno- suppress lee  therapy  in  the  fern  of  drugs.  At 
the  present  tine  5  patients  are  alive  and  in  good  health  with  kidneys  transplanted 
frees  other  than  twins.  The  survival  tine  varies  from  1  Month  to  7  months. 

In  addition,  we  have  been  interested  in  skin  transplantation.  Ve  have  demon¬ 
strated  a  sharing  of  transplantation  antigens  in  humans.  Ve  have  demonstrated  alao 
that  following  the  rejection  of  a  skin  graft  the  patient  becomes  lnauno  to  the 
leukocytes  of  the  donor  and  exhibits  a  delayed  hypersensitivity  to  the  interdermal 
injection  of  these  leukocytes.  An  interesting  offshoot  of  this  work  has  been  the 
fact  that  patients  with  disseminated  lupus  erythematosus  showed  the  same  type  of 
akin  hypersensitivity  to  their  own  leukocytes.  In  conjunction  with  the  Departments  of 
Surgery  and  Pathology,  ve  have  carried  out  a  detailed  analysis  of  the  histology  of  the 
rejection  of  a  human  skin  honogruft  by  the  use  of  daily  biopsies.  Ve  have  shown  that 
hunana  may  develop  an  accelerated  rejection  to  akin  homecrafts  by  prior  in trade reel 
injection  of  donor  leukocytes. 

Doctor  Edward  B.  Hager  la  our  laboratory  has  shown  that  dogs  cay  b«  tmtunlxed 
to  canine  homecrafts  by  the  prior  injection  of  isolated  platelets  from  the  donor. 

In  addition  to  this.  Doctor  Hager  has  been  able  to  elute  antibody  from  a  rejecting 
kidney  to  react  this  with  soluble  antigen  from  donor  platelets  in  an  Jin  vitro  system. 
Hlo  work  shows  a  greater  specificity  of  the  antibody  for  pure  donor  antigen  than  it 
docs  to  other  canine  antigens  similarly  eluted,  pointing  the  way  to  a  possible  system 
in  which  an  individual  specific  test  system  for  antigen  and  antibody  in  sssBalisa 
hoco-yraf  ts  may  be  developed. 

Doctor  James  Nowbray  in  our  laboratory  has  shown  that  an  alpha-1  glyco-proteln 
found  in  eerun  and  concentrated  in  the  thyme  gland,  nay  markedly  prolong  the  life 
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ot  30%  of  skin  fruits  between  rabbits,  when  injected  Into  the  recipient  prior  -  end 
ahortlv  niter  -  the  application  of  the  hoaograft. 

We  haw#  aleo  been  able  to  d«MMtnte  a  epee  if  io  cytotoarie  affect  between 
cells  harvested  from  donor  and  recipient  rabbits  following  the  immunisation  of  one  of 
the  pair  by  two  skin  horaogratt*  froa  a  second.  We  have  developed  an  in  vitro  system 
for  the  evaluation  of  circulating  antibody,  based  sot  os  histologic  assay,  but  oa  a 
dynamic  assay 0  This  involves  the  principle  of  aea* urine  the  short-circuit  current 
generated  by  sodium  transport,  first  in  frog  shia  and  later  is  the  rabbit  colon,  and 
assaying  the  effect  upon  this  current  by  injection  into  blood  vessels  supplying  these 
tissues  of  antibody-containing  earn  and  sensitised  leukocytes. 

The  above  review  of  ten  years  of  work  impresses  the  responsible  investigator 
with  the  fact  that  much  progress  ha*  been  made.  A  good  bit  of  this  has  been  s  by¬ 
product  of  work  steaming  froa  s  protocol  which  was  an  offshoot  of  that  for  which  the 
research  application  mu>  made.  This  fact,  it  seeos,  attests  to  the  merit  of  the 
reoearrh  grant  as  a  tool  lent  by  sn  ea lightened  granting  agency  to  the  investigator 
in  such  a  fashion  that  the  latter  ia  free  to  develop  his  research  in  the  direction 
which  oeccus  woot  profitable  as  the  work  progresses. 


